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ABSTRACT
This dissertation is composed by three chapters. The first chapter regards an empirical
evaluation of a type of development policy adopted in Brazil, which provides general insights
into the causal effect of relaxing financial frictions on firms productivity. The second chapter
concerns rationalizing Brazil’s uneven development path over the postwar period through
the lens of a Neoclassical growth model and its transitional dynamics. In the third chapter,
a class of models of resource curse that can disentangle price and quantity effects of the
discovery of raw natural resources is discussed.
Chapter 1 : Finance and Development: On The Causal Effect of Access to Credit on
Productivity
In this paper, we use firm-level data to assess the causal effect of better credit conditions
for long-term investment on firms’ productivity. A reform in Brazil’s major development
bank decreased the borrowing rates and improved loan conditions of a subset of firms after
dramatically shifting the eligibility thresholds of a subsidized interest rate program. A group
of firms remained unaffected after the reform. Our empirical strategy exploits that natural
experiment, which enables a fairly simple causal inference of the effect of financial frictions
reductions on firms’ productivity measures. Our results suggest that, after the policy, the
group of eligible firms managed to increase their relative investment rates and productivity.
The aggregate productivity for the target group also increased after intervention and pro-
ductivity improvements within firms drove its growth, with no significant change on the role
played by firm entrance, expected to be a negative outcome of this type of policy.
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Chapter 2 : Growing like Brazil: Almost a Growth Miracle
This paper aims to quantitatively assess the set of factors responsible for Brazil’s un-
even economic development path over the postwar period, in which the robust growth of the
1950-80 period, analogous to East Asian growth miracles, was persistently interrupted. The
country’s long-term path is examined through the transitional dynamics of a two-sector neo-
classical growth model driven by a set of exogenous drivers. In particular, we include features
such as productivity in both agricultural and non-agricultural sector, price of investment,
financial frictions, government consumption and population growth. Our counterfactual ex-
ercises suggest that the productivity gains in the agricultural sector are essential to replicate
the early period of fast growth. The result raises an alternative interpretation: the country
may have experienced an agriculture induced growth miracle, which could explain why the
distinguished nature of its development path when compared to so-called East Asian Growth
Miracles.
Chapter 3 : A Note on The Discovery of Natural Resources
When is the discovery of natural resources a curse for a country’s industrialization and
when is it a blessing? This paper discusses a class of models of natural resource discoveries.
In particular, the possibility of disentangling price and quantity effects is analyzed as well
as its potential to accommodate successful resource-based industrialization experiences. It
illustrates that in closed model economies, with vertical integration between manufacturing
and energy sectors, the long-run effect on the production of manufacturing goods may be
either positive or negative, depending mainly on the equilibrium price of the natural resource
good. The strength of the vertical integration, even when trade is allowed, determines the
limits to accomodate blessing or curse type of theories.
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Chapter 1
Finance and Development: On The
Causal Effect of Access to Credit on
Productivity
1.1 Introduction
Recent research in development and macroeconomics have examined aggregate productivity,
its level and growth, consistently with certain firm-level features. Following the paradigm
that disparities in GDP per capita across countries are mostly accounted by differences in
Total Factor Productivity (TFP), the literature has adopted a new standpoint in which the
aggregate productivity gap is studied contemplating heterogeneous production units, their
decision rules and the way resources are allocated among them. More specifically, if invest-
ment costs are distorted across firms there is room for resource misallocation and, hence, for
lower aggregate TFP (Hsieh and Klenow, 2009; Restuccia and Rogerson, 2013), or it may
deteriorate entry and technology adoption decisions (Midrigan and Xu, 2013). Examples
of such distortions in the financial sector have been widely discussed as well: Government
might offer subsidized credit for constrained entrepreneurs (Antunes, Cavalcanti and Vil-
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amill, 2012; Buera, Moll and Shin, 2013; Buera and Shin, 2011, Barnejee and Duflo, 2014);
public firms may have easier access to credit (Song, Storesletten and Zilibotti, 2011); or,
size-dependent policy towards small firms may operate (Guner, Ventura and Xu, 2008). The
contribution of this paper is to directly estimate the causal effect of better credit conditions
for long-term investment on firms’ productivity and aggregate productivity measures.
The Brazilian Development Bank (BNDES), main financing agent for long-term invest-
ment in the country, offers subsidized interest rate and discriminate in favor of low-revenue
firms. From 1997 to 2002, the Bank had classified firms according to their gross operating
revenue levels and offered higher subsidies on interest rate for small firms. For the period of
2002-04, the Bank reclassified the groups by shifting up the threshold separating small and
medium-size firms. The reclassification split the medium size firms into two groups: those
that started being treated as small firms, which could apply for the highly subsidized interest
rate, and those still classified as medium-size, unaffected by the reform. Medium-size firms
with gross operating revenue between the new and old threshold had for two years access to
better credit conditions. Our goal is to verify whether those firms were able to increase their
productivity faster than the control group; and, how the policy affected aggregate produc-
tivity measures after 2004, when the benefits were extended to medium-size firms.1 Do the
they become relatively more productive over time? Does it affect their relative investment
rate? Is it strong enough to boost aggregate productivity?
Regarding the empirical strategy, firm-level data collected by the Brazilian Institute of
1Our identification strategy relies on the fact that the threshold was arbitrarily redefined and could not
be precisely anticipated.
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Geography and Statistics (IBGE) is used.2 Our sample consists of all firms in the manufac-
turing sector with 30 or more employees, operating between 1996 and 2010.3 The economic
variables of interest include firms’ value added, number of employees, investment, gross pro-
duction value and gross operating revenue.
The estimated causal effects point to trend shifts on investment rates and productivity
indexes. Firms on the target group increased their investment rate, which was in level and
trend similar to the control group until 2002. Also, the increase on productivity indexes,
before and after the reform, was more pronounced for the firms in the target group, reducing,
on average, the productivity gap between them.
The results also suggest some change in the trend of aggregate productivity after the
extension of the benefits to medium-size firms. The aggregate labor productivity of this
group increases after the reform and productivity improvements within firms are considered
the major contributor for that, with no significant change on the effect of firm entrance,
before and after the reform.
A theoretical framework of heterogeneous entrepreneurs facing financial frictions can be
used to theorize on the effects of the policy studied here. Models similar to Moll (2014) and
Buera and Shin (2013) assume that entrepreneurs, heterogeneous in terms of managerial
abilities and wealth, decide on whether to become an active entrepreneur and, subsequently,
on how much to invest on the firm. This type of model is set in a way that entrepreneurs face
a binding collateral constraint, which is proportional to their wealth. As a consequence, in
2The data are available for research purposes, though the access is contingent on a set of conditions to
ensure confidentiality.
3Details about the database and its use for research in economics can be found in Muendler (2003)
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the model economy a size-dependent credit policy subsidizing borrowing rates for low-revenue
firms would allow less productive entrepreneurs to become active and help those already in
the market speeding up their capital accumulation, by making investment cheaper for them.
In this sense, it abstracts from the overall cost of this policy for the whole economy (issue
addressed by Cavalcanti, Antunes and Vilamill, 2012), but concentrates on the effects on
aggregate productivity, which depends on the prevailing force between the negative effect
coming from the less-productive new entrants and the positive impact from the increasing
wealth share of high-productive entrepreneurs that started with low wealth.
Other papers have used IBGE’s microdata to study BNDES policies in Brazil, but this
paper departs from them on the question raised, research design and identification strategy.
Ottaviano e Souza (2008) investigate the effect of BNDES loans on firms’ productivity and
technological upgrade. They also have access to information regarding the firms that actu-
ally borrowed from BNDES, which is used to estimate the effect of public loans on those
firms. They concluded that the subsidized loans might have been used to finance lower
quality project. Given the intrinsic endogeneity issue on the choice of borrowing and the
unobserved productivity (for instance, high productive entrepreneurs being the ones that
end up borrowing from BNDES) they use propensity score matching to improve its iden-
tification. Ribeiro and Negri (2009) run similar exercise with a different dataset on public
funding, but use the change in the rules from BNDES as instrumental variables. Both are
mainly concerned with the effect subsidized public loans on firms productivity conditional
on getting the loan, but have different proposals for dealing with the endogenous choice of
borrowing. The novelty of our identification strategy is to exploit the government perspec-
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tive and evaluate the effect on the target group, regardless of the individual firm’s decision
on borrowing or not. In this case, we check whether the policy was able to affect, on average,
firms’ decisions over investment and its effects on productivity.
Our empirical strategy for estimating the causal effect resembles the one adopted by
Barnejee and Duflo (2014), but the question studied in this paper is fundamentally distinct.
The similarity would be restricted to the use of an exogenous variation in access to a lending
program as identification strategy. Nonetheless, besides other technical distinctions with
respect to the programs in India and Brazil, as stated by them, their paper “estimates the
impact of short term capital loans, not that of long term investment credit”, whereas the
BNDES credit policies were designed to meet long term investment needs. As a consequence,
they focused on the policy effect on firms’ short term outcomes (credit limit, interest rate,
credit utilization, sales, cost and profit) but not on productivity, which constitute the variable
of interest of this paper. In fact, BNDES credit policies, such as the size-dependent subsidized
interest rates, are explicitly meant to facilitate credit access to projects with long term returns
but high cost of implementation, which includes purchases of machinery and equipment as
well as technology adoption and development of new products/technologies. Therefore, the
effect on productivity could be recognized as the BNDES program’s purpose. In this paper,
we discuss its effectiveness.
The paper is structured as follows. First, we describe the BNDES intervention; Second,
we discuss our empirical strategy, data and models. Third, we discss the results and con-
cluding remarks. In the appendix, a theoretical framework of heterogeneous firms facing
financial frictions is used to derive some theoretical predictions for the policy effects.
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1.2 The BNDES Credit Intervention
The Brazilian Development Bank is the main financing agent for development in the country.
Its lending portfolio is larger than the World Bank and has been used primarily to finance
the expansion of industry and infrastructure. Since its foundation, in 1952, the purpose
of the bank has evolved according with the country’s social-economic conjecture, it has
incorporated support for exports, technological innovation, sustainable socio-environmental
development and even for the modernization of public administration. Due to its magnitude,
the Bank is responsible for more than 70 percent of long term credit in the country and had
become the major source of long-term credit for firms in the manufacturing sector.4
Over the last few years, the BNDES has adopted policies targeting firms considered to
be more financially constrained, namely low-revenue firms. Interest rates as well as collat-
eral constraint were designed to support this group. Since 1997, the Bank offers subsidized
interest rate for long-term investments but the benefits were defined as a function of firms
gross operating revenue. As a reflexion of this attitude, the group of micro, small and
medium-sized companies have accounted for an increasing share of total disbursements, a
positive trend which has been highlighted as an achievement by the Bank. Though it offers
several options of credit lines, for the task undertaken by this research we will focus on the
one named FINAME. We have three good reasons for that. First, it is the one specifically
designed for machinery acquisition; Second, it is the largest outlay; Third, many projects
presented as innovation end up eligible for borrowing from FINAME. In summary, the ma-
4This feature regarding its importance is fundamentally important to our identification strategy, which
poses on an exogenous change of its financial support mechanisms with considerable impact on the credit
market.
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jority of the long term investment capable of enhancing firms’ productivity end up being
either financed by the BNDES, through FINAME, or self-financed. Hence, the borrowing
conditions structured by the program should have a significant impact on the long-term
credit market.
The subsidy on borrowing rates depends on the firm size, in terms of gross operating
revenue, but firms’ classification changed over time. From 1997 to 2002, all firms classified as
medium, with gross operating revenue between R$6 and R$35 Millions, faced the same credit
conditions. In 2002, those with gross operating revenue within R$6 and R$10 Millions started
to be treated as small firms, with the possibility of applying for better credit conditions, while
the remaining firms were still under the previous terms. A new reform takes place in 2004,
when the two groups, small and medium-size firms, started facing the same credit conditions.
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1.3 Empirical Strategy
In this section, we explain the details regarding the data used and two empirical exercises.
After describing the firm-level information available, we start discussing a natural experiment
involving medium-size firms, which enables inferring the causal relationship between better
credit conditions and firms’ productivity. Next, we discuss a decomposition of the time series
changes in aggregate labor productivity as in Foster, Haltiwanger, Krizan (2001), to discuss
the impact of the policy extension for all medium size firms on aggregate productivity.
5For this reason, when estimating the causal effect, we will focus solely on medium-size firms, according
to the first classification, operating within the 2002-04 period and track them back and forth in time; then,
we compare the average path of firms belonging to those different groups.
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1.3.1 Firm-Level Data
Data on firms were obtained from a confidential survey constructed by the Brazilian Institute
of Statistics (IBGE), called the Annual Industrial Survey (PIA), which monitors the perfor-
mance of Brazilian firms in the extractive and manufacturing sectors.6 They are yearly data
from 1996 to 2010 from all firms with 30 or more employees. The idea is to construct a panel
data in which we can visualize the past and future of those firms eligible and non-eligible
for the BNDES intervention between 2002-2004.7 The variables used include the number of
employees, value added, gross production value, investment and operating revenue.
The summary statistics are shown by table 1.1, in the appendix. Those medium firms
classified as small after 2002 presented on average: less employess, higher exit rates and
lower labor productivity. Nonetheless, the distribution of labor productivity were similar
for the two groups, see figure 1.2 in the appendix. The distribution of size, as number
of employees per firm, is depicted on figure 1.1. Firms on the new-small group are more
disperse and positive skewed on this regard. Moreover, according to table 2 and 3, the
sectorial composition is quite similar for both groups of firms.8
There are some sample restrictions for the causal effect estimation. In order to avoid
confounding effects of other policies adopted towards manufacturing firms placed on low
income regions, we restricted our sample to the most industrialized region, the Southeast,
6We focus on the manufacturing sector as defined by the Brazilian sector classification CNAE 2.0 (sectors
10 to 33).
7More specifically, the IBGE provides two strata: one in which a random sample of firms having between
5 and 29 employees (Estrato amostral) and one with all firms with 30 or more employees (estrato certo). We
used only the estrato certo. Most medium sized firms according to the BNDES classification will most likely
have at least 30 employees.
8 The HHI is particularly high for sectors 21, 23 and 35, but one should note that: first, less than 4% of
the medium size firms would be part of them; second, the biggest firms shall not be among the medium size
firms
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composed by SA˜£o Paulo, Rio de Janeiro, Espirito Santo e Minas Gerais (14003 firms with
more than 30 employees). Furthermore, since we want to check how the policy affected
the treated group, our sample is restricted to firms operating between 2002-2004, when the
policy took place, which are traced backwards and forward; neglecting the information on
those that exit before the policy or that entered the market after 2004, when the conditions
are similar for both groups.
1.3.2 Productivity Measures
The capital stock is constructed through perpetual inventory method.9 The production
measure and intermediate consumption are deflated by a sectorial price index, IPA-OG (3-
digits), while investment are deflated by an investment price index, IPA-DI. The investment
rate is the ratio of investment over capital stock; and investment itself is composed by the
sum of acquisition, improvements and reduction on the previous capital stock divided by
value added.
Three measures of productivity are used: labor productivity and two total factor pro-
ductivity (TFP) measures, estimated by OLS and by the method proposed by Levinsohn
and Petrin [LP] (2003). 10 The first is measured as value added by worker. The others are
obtained from a Cobb-Douglas production function with constant returns to scale on capital
and labor.
9 We assume that Kti = (1−δti)Kt−1 +Iti where δ refers to capital stock depreciation. For firms starting
before 1996, the initial capital is computed from information on the accounted depreciation, available in the
PIA database
10Besides the simplicity of our labor productivity measure, it carries important information combining
the importance of both tangible and intangible capital on workers’ productivity; and, is not affected by
measurement error of firms’ capital stock.
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The first TFP measure is computed through ordinary least square (OLS), as a resid-
ual term. Parameters are sector specific, to account for sectorial heterogeneity on labor
and capital share at two-digit level industries. That is, from the production function
Y (A,K,L) = AKβkLβLMβM , it is estimated its log-linearized version log(Y ) = log(A) +
βkK+βLL+βmM + . Since all variables except A are observed at the firm level, under the
assumption that E() = 0, the TFP measure is obtained as the residual between observed
and estimated output.
log(Aist) = log(yist)− βˆlsList + βˆkskist + βˆmsmist (1.1)
where yist is the log of output for firm i, in sector s, at time t; and, βˆ denotes the OLS
estimates for parameters (L,K,M).
However, firm productivity measures based on the deviation between observed output
and the one predicted by a Cobb-Douglas production function estimated by ordinary least
square (OLS) are known for suffering from simultaneity and selection bias. Therefore, the
second TFP measure is estimated using LP semiparametric method to address those issues
and to provide more reliable estimates.
1.3.2.1 Aggregate Productivity and Productivity Index
Aggregate productivity measures will be defined as the weighted average of firms productivity
and firms’ relative market share is determined by their value added share. At the sectorial
level, aggregate productivity is given by:
Pst =
∑
i∈s
θistAist (1.2)
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where θist = V Aist/
∑
i∈s V Aist and V A denotes value added.
For the economy as a whole, aggregate productivity measures are defined similarly, as
the average of sectors’ productivity weighted by value added share. That is:
Pt =
∑
s
θstPst (1.3)
where θst = V Ast/
∑
s V Ast
It is convenient, for comparative purposes, to define firm productivity as an index, which
is relative to the sector productivity. Then, check whether or not the firms eligible to the
program between 2002 and 2004 faced any significant change on its productivity index path.
Such an index eases cross-section comparison for each year, avoiding differences in sectorial
composition to drive further disparities. Over time, the index also facilitate the comparison
by accounting for the productivity growth of the sector as a whole.
Pindexist = Aist/Pst (1.4)
1.3.3 Causal Effect Estimation
As described previously, after the BNDES reclassification in 2002, part of the medium-size
firms faced better credit conditions for loans to long-term investment. The policy lasted
two years and was extended to include all medium size firms under the same conditions
after 2004. We take advantage of that natural experiment, created by the first stage of this
policy, to study the causal effect of financial frictions reduction on firms’ productivity. The
comparison will focus solely on medium-size firms, according to the previous classification,
operating withing 2002-2003; tracking them back and forth in time. In other words, when
11
checking for causality, we are going to ignore firms that exited before 2002 and those entering
after 2004, when credit conditions were already similar for all medium-size firms. Therefore,
the answer we are trying to answer is: Do we see any impact on the productivity measures
of those with access to better credit conditions in 2002-03 period?
The reduced form estimates for the Difference-in-Difference model can be expressed by:
lnYit = β1Eligible+ β2Post+ β3Post× Eligible+ Xitit (1.5)
where Y is the explained variable (Productivity Indexes) while Eligible and Post are the
dummy variables representing firms eligibility, those classified as small-size after the reform
in 2002, and the period after intervention.
Our parameter of interest is β3, which captures the difference-in-difference estimate be-
tween the conditional expected value of productivity before and after the policy for each
group of firms. That is, with no controls Xit:
β3 = {E[Yit|Eligible = 1, Post = 1]− E[Yit|Eligible = 1, Post = 0]}
−{E[Yit|Eligible = 0, Post = 1]− E[Yit|Eligible = 0, Post = 0]} (1.6)
The time varying controls, represented by the vector Xit, are the deflated gross revenue,
State and sector dummies, the median of people employed and wage by firms in the same
sector, value added by sector and the sector Herfindahl-Hirschman Index (HHI).11
In order to capture some heterogeneity on the effect across sectors, we estimate an ex-
11Herfindahl-Hirschman Index is measured as HHIst =
∑
i∈s
(
Yist/
∑
i∈s Yist
)2
. We first square the
market share of each firm in a sector, and then sum result numbers. It is calculated yearly at the sectorial
level (2 digits). A high HHI index indicates market concentration.
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tended version of the previous model, allowing not only the intercept to change across sectors
but also β3 itself. The heterogeneous effect will be estimated through the interaction term
between eligibility after the policy and sector dummies:
lnYit = β1Eligible+ β2Post+ β3Post× Eligible×D + Xitit (1.7)
where D =
∑
s∈S Di and S is the set of all sectors in our sample.
The validity of this estimates rely on the belief that the change in the threshold was
exogenous and firm could not precisely anticipate it. Even if one believes that low-revenue
firms situation lead the government to adopt the new classification, it is very unlikely that
the new cutoff fully reflects the differences in firms’ current situation. In other words, the
cutoff is somewhat arbitrary what makes our estimations above more reliable.
1.3.4 Decomposition Method
We consider the first method proposed by Foster, Haltiwanger and Krizan (2001), in which
changes in aggregate productivity measures are given by:
∆Pit =
∑
e∈C
θet−1∆pet +
∑
e∈C
(pet−1 − Pit−1)∆θet +
∑
e∈C
∆pet∆θet
+
∑
e∈N
θet(pet − Pit−1)−
∑
e∈X
θet−1(pet−1 − Pit−1) (1.8)
where Pit denotes the aggregate level of productivity at time t, while pit and θit the firms’
level productivity and share, respectively. Firms are split between groups of continuing,
entering and exit units, denoted by C, N and X, respectively.
The first term in the decomposition accounts for the within firm producivity change,
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weighted by its initial market share. The second term is the between component and reflects
change in firms’ market share, weighted by its deviation from the aggregate productivity
index. The third represents the cross term, where both changes in share and firms’ produc-
tivity are considered simultaneously, it is also known as the covariance-type term. The forth
and fifth terms represent the contribution of entering and exiting firms, respectively. 12
1.4 Results
1.4.1 The Causal Effect
The main purpose of our empirical strategy, when estimating the causal effect, is to take
advantage of the favorable conditions created by the BNDES in order to verify whether
firms improved their productivity measures after having access to better credit conditions
for long-term investment.
Prior to the evaluation of its effect on productivity, we highlight its positive impact on
firms’ investment rate, the ratio between investment and capital stock. As can be seen
in fig 1.3, the unconditional mean of investment rate seems to be quite sensitive to the
program. Before 2002, both eligible and non-eligible firms presented similar levels and trends
for investment rates; after the change in the threshold, the investment rates for the eligible
group increases sharply and consistently, while no significant shift is observed for the non-
eligible group. The remaining question is whether or not it also affected the productivity
measures for the eligible group.
The estimation results of (1.5) are presented on table 1.4. According to the result, the
12 For more details on the distinguishing features of this type of decomposition see Foster, Haltiwanger
and Krizan (2001).
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policy positively affected all three productivity indexes. As can be noted, the effect gets
smaller as we add additional controls, but it is still positive and significant. On average, the
difference of labor productivity index before and after was 7.9 percent higher for those firms
in the target group. Similar interpretation can be drawn for the other productivity measures
in the table 1.4. Regarding its magnitude, one should keep in mind that the comparison is
between the target group and the remaining medium firms, it does not mean that those on
the eligible group actually borrowed from the BNDES. Hence, even the 7 percent difference
in labor productivity in favor of the target group, under the presence of additional controls,
is considerable.
The impact on TFP-OLS is also significant but is much higher than the ones on labor
productivity and TFP-LP, however, as reported by Levinsohn and Petrin [LP] (2003), OLS
estimates on capital are likely to be biased downward and are often considerably smaller
than LP estimates. As a result, an overestimated TFP-OLS might be driven the differences
of impact we see in table 1.4.
By breaking down the effect by sector, that is by adding an interaction of Post×Eligible
and sector dummies, one can verify whether this policy was more important for some sectors.
The results of the estimation of this extended version of the model can be seen on table 1.5.
As we expected, the impact varies across sectors. Although the fully understanding of the
driving forces of such heterogeneity demands more research, we highlight the fact that in
sectors known as financially dependent, in the sense of Rajan and Zigales (1998), the effect
was stronger. This is the case for sectors 18, 22, 30, 32 e 33.
As a sort of robustness check, we estimate (1.5) with a different control group: the firms
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always treated as small.13 The estimation results are shown in table 1.6. For the three
measures of productivity, the difference-in-difference estimates also supports a positive effect
on productivity. For this exercise, eligible refers to the medium-small firms. We acknowledge
that the time series path observed for the the average of investment rate of the treated group
after 2004, when comparing eligible and non-eligible among medium size firms, follows the
path depicted for those treated as small since the beginning. As can be seen in figure 1.4,
the treated group converges to the level and trajectory of those previously classified as small
by the BNDES.
1.4.2 The Decomposition
Besides the causal effect, it is also important to understand how aggregate productivity
changed over time, before and after the policy, and whether its change resembles the the-
oretical predictions for such a policy. In particular, we focus on the second stage of the
BNDES policy discussed in this paper, when the treatment offered to small firms was also
extended to all medium-size firms. We can verify whether it changed aggregate productivity
for this group and decompose it into several sources of variations, as in (1.8). We focus on
labor productivity for its simplicity and low dependence on the measure of capital stock per
firm.14 The results can be seen in table 1.7. First, when comparing medium-size firms to the
rest of our sample, which includes small and large firms weighted by their market share, one
should note that from 1997 to 2003 the overall manufacturing sector presented an increasing
13Besides not being the perfect control group, one inconvenience of dealing with small firms in these data
set is that firms that eventually have less than 30 employees leave the sample - the mean and median of
employees in the category is 59 and 48, respectively.
14Similar conclusions can be reached using the other productivity measures
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trend of labor productivity while the opposite was true for those classified as medium firms.
After 2004, the trends switched directions. For the whole sample, the decline of its aggre-
gate productivity after 2004 has been driven by the worsening of its “between” and “cross”
component as well as for the entering of low productive firms. Only the exit component
turned to improve after 2004, the exiting of firms below the aggregate productivity level
contributed positively for the period after the reform but it was not strong enough to keep
the positive growth rates observed previously. For the medium size firms, the shift of its
aggregate productivity level was driven mainly by improvements on the within component.15
It is instructive linking the decomposition for the medium-size firms and the theoreti-
cal predictions of the finance and development literature. According to the model, in the
appendix, after easing credit conditions, the highly productive entrepreneur in the target
group would be able to accumulate faster, hence to increase its labor productivity, but the
policy could have the cost of attracting low productive entrepreneurs to the market. There-
fore, the overall effect on aggregate productivity is not clear. As we can see through the
decomposition, after 5 years of policy, some improvement seems to be accomplished on the
“within” component, without any significant change on the entry channel, which for this
group contributes positively to its aggregate productivity since 1997; a possible interpreta-
tion is that firms that enter the market as medium size are highly competitive ones, whereas
the opposite should is true for the group of small firms.
15Since everything in the decomposition is weighted , the negative signals do not carry information on
average behavior. For instance, if a group of large firms face a negative and persistent shock on labor
productivity, that could be enough to turn the “within” component into negative. Similarly, if those firms
have labor productivity above the average but their market share decline over this period that could turn
the “between” component negative.
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1.5 Concluding remarks
In this paper, we undertook the task of estimating the causal effect of financial frictions
reduction on firms productivity and its consequence for aggregate productivity. From a
panel data set of Brazilian manufacturing firms we used a large-scale reform that altered the
credit market conditions only to a subset of firms to pursue our empirical investigation.
The effect on investment and labor productivity seems to support the hypothesis that fi-
nancial constraint for long-term investment matters for low-revenue firms. After the BNDES
reclassification in 2002, firms placed in the target group, which had access to better credit
conditions for two years, presented on average a persistent increase on investment rate and
productivity indexes. The path of average investment rate for target firms after the reform
followed the path of those always treated as small.
When discussing its effect on aggregate productivity, we focused on the second stage
of the BNDES policy: the extension of benefits to all medium-size firms, in 2004. The
decomposition showed that aggregate productivity for medium-size firms (after classification)
was declining between 1996 and 2004. After 2004, the negative trend turned positive, mainly
driven by productivity improvements within firms. It does not register a significant change
on the “entering” component, which could be considered as the theoretical negative outcome
of this type of police and contribute to decrease aggregate measures of productivity.
In the model economy, a size-dependent credit policy such as the one adopted by the
BNDES in Brazil would cause the target group of firms to increase their investment rate
but would also attract some low-productive entrepreneurs into the market. The first process
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of faster capital accumulation would enhance their labor productivity and improve their
market share; the negative effect would arise from the entering firms. The overall effect
would depend on the strength of each one of these effects, though the model suggests that
in the long-run the positive effect shall prevail.
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1.6 Tables and Figures
Figure 1.1: Ln(Number of Employees)
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Table 1.1: Summary Statistics
Group Variable Mean sd Median se(Mean) N
New Small
Gross Revenue (Millions) 7.81 1.15 7.72 0.008 22249
New 12.18% 0.327 0 0.002 22249
Incumbent 83.88% 0.368 1 0.002 22249
Exit 4.87% 0.215 0 0.001 22249
Investment rate 3.95% 19.36% 0.77% 0.13% 21852
Employees 91.70 70.45 73 0.47 22249
Employees - production 72.68 62.56 57 0.42 22249
Ln(Labor Prodty) 10.54 1.23 10.67 0.01 22171
HHI 0.034 0.078 0.018 0.001 22249
Medium
Gross Revenue (Millions) 18.70 6.83 17.00 0.034 40069
New 9.35% 0.291 0 0.001 40069
Incumbent 87.87% 0.326 1 0.002 40069
Exit 3.31% 0.179 0 0.001 40069
Investment rate 3.26% 49.02% 1.13% 0.002 39782
Employees 149 130 112 0.65 40069
Employees - production 115 113 84 0.57 40069
Ln(Labor Prodty) 10.89 1.13 10.96 0.01 39979
HHI 0.041 0.101 0.018 0.001 40069
Whole Sample
Gross Revenue (Millions) 50.30 1070.00 3.49 2.19 238716
New 17.53% 0.380 0 0.001 238716
Incumbent 75.89% 0.428 1 0.001 238716
Exit 9.41% 0.292 0 0.001 238716
Investment 3.50% 299.63% 0.34% 0.64% 222443
Employees - production 170.39 717.74 59 1.47 238716
Employees 128.28 535.59 47 1.10 238716
Ln(Labor Prodty) 10.13 1.50 10.24 0.0031 237171
HHI 0.0348 0.0818 0.0169 0.0002 238716
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Figure 1.2: Ln(Labor productivity)
Table 1.2: Sectorial Composition
Cnae 1.0 New Small Medium Whole Sample HHI
15 0.12 0.10 0.11 0.02
17 0.06 0.06 0.05 0.01
18 0.04 0.06 0.11 0.01
19 0.02 0.03 0.04 0.05
20 0.01 0.01 0.02 0.17
21 0.03 0.04 0.03 0.04
22 0.04 0.04 0.03 0.02
23 0.02 0.01 0.01 0.75
24 0.10 0.07 0.07 0.01
25 0.10 0.10 0.08 0.02
26 0.05 0.05 0.07 0.02
27 0.04 0.03 0.03 0.05
28 0.09 0.12 0.10 0.01
29 0.12 0.12 0.09 0.02
30 0.01 0.00 0.00 0.16
31 0.04 0.04 0.03 0.04
32 0.01 0.01 0.01 0.14
33 0.02 0.02 0.02 0.02
34 0.05 0.04 0.04 0.07
35 0.01 0.01 0.01 0.31
36 0.04 0.05 0.06 0.01
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Figure 1.3: Log( Investment / Capital Stock ) - New small vs Medium
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Figure 1.4: Log( Investment / Capital Stock ) - New Small vs Always Small
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Table 1.3: Sector Classification
Cnae 1.0 Sector
15 Food and Beverage Manufacturing
17 Textile Products Manufacturing
18 Apparel Manufacturing
19 Leather Processing and Leather Products, Luggage and Footwear Manufacturing
20 Wood Products Manufacturing
21 Pulp, Paper and Paper Products Manufacturing
22 Publishing, Printing and Reproduction of Recordings
23 Coal Products Manufacturing, Petroleum Refining, Nuclear Combustibles Processing
24 Chemical Products Manufacturing
25 Rubber and Plastics Product Manufacturing
26 Nonmetallic Mineral Product Manufacturing
27 Metals Production and Basic Processing
28 Metal Product Manufacturing (excluding machinery and equipment)
29 Machinery and Equipment Manufacturing
30 Office Machinery and Data Processing Equipment Manufacturing
31 Electrical Machinery, Equipment and Supplies Manufacturing
32 Electronic Component and Communication Apparatus and Equipment Manufacturing
33 Medical and Therapeutic Equipment, Optical and Precision Instruments, Equipment
34 Motor Vehicle Assembly and Motor Vehicle, Engine, Trailer and Body Manufacturing
35 Other Transportation Equipment Manufacturing
36 Furniture and Miscellaneous Manufacturing
Table 1.4: Policy Effect on Productivity
Labor Prodty Index TFP Index(OLS) TFP Index(Levpet)
Post -0.028 0.090*** 0.073*** 0.084*** -0.003 0.075***
(0.02) (0.02) (0.02) (0.02) (0.01) (0.01)
Eligible -0.180*** -0.115*** -0.009 0.000 0.066*** 0.085***
(0.02) (0.02) (0.02) (0.02) (0.01) (0.01)
PostXEligible 0.079** 0.030* 0.220*** 0.112*** 0.076*** 0.030*
(0.03) (0.02) (0.03) (0.03) (0.01) (0.02)
Controls No Yes No Yes No Yes
N Obs. 46693 32470 42501 30188 33813 23363
Standard errors in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001
All the productivity measures are indexed by sector and are represented in log terms
Controls: deflated gross revenue, State and sector dummies, the median of people employed
and wage by firms in the same sector, value added by sector and the sectorial
Herfindahl-Hirschman Index (HHI)
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Table 1.5: Policy Effect on Firms’ productivity by sector
Labor Prodty TFP (OLS) TFP (Levpet)
PostXEligible -0.1906*** -0.1338* -0.1826**
Interactions of PostXEligible with:
17 Textile Products Manufacturing 0.2001* 0.1481 0.1710*
18 Apparel Manufacturing 1.1098*** 1.0690*** 1.0446***
19 Leather Products, Luggage and Footwear 0.3858** 0.2509 0.2109
20 Wood Products Manufacturing 0.3304 0.2038 0.0906
21 Pulp, Paper and Paper Products 0.0498 0.1197 0.2159
22 Publishing, Printing and Rep. of Recordings 0.3279*** 0.0947 0.0933
23 Coal Prod., Petroleum Ref., Nuclear Comb. -0.2573 -0.1556 -0.1763
24 Chemical Products Manufacturing -0.0841 -0.0518 0.072
25 Rubber and Plastics Product Manufacturing 0.022 -0.0119 -0.0471
26 Nonmetallic Mineral Product Manufacturing 0.1071 -0.0181 -0.0717
27 Metals Production and Basic Processing -0.1754 -0.1533 -0.178
28 Metal Product Manufacturing -0.0481 -0.0917 -0.1764*
29 Machinery and Equipment Manufacturing 0.1402 0.0935 0.1425
30 Office Machinery and Data Processing 1.0223*** 0.6592** 0.7193**
31 Electrical Machinery, Equipment and Supplies 0.0014 -0.0832 -0.098
32 Electronic Comp. and Communication App. 0.5162*** 0.1345 0.0424
33 Medical and Therapeutic Equip. 0.5296*** 0.3725** 0.5549***
34 Motor Vehicle 0.1612 0.0974 0.3199**
35 Other Transportation 0.2401 0.2353 0.2015
36 Furniture and Miscellaneous Manufacturing 0.0792 -0.0297 0.0124
Firm fixed-effect Yes Yes Yes
Year fixed-effect Yes Yes Yes
N Obs. 46693 42501 42791
Standard errors in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001
Error term is clustered by sector
Table 1.6: Policy Effect on Productivity (Medium-Small vs Small firms)
Labor Prodty Index TFP Index (OLS) TFP Index (Levpet)
Post -0.203*** -0.077*** 0.094*** 0.030** 0.027*** 0.042***
(0.01) (0.01) (0.01) (0.01) (0.00) (0.01)
Eligible 0.712*** -0.326*** 0.127*** -0.138*** -0.036*** -0.008
(0.02) (0.03) (0.02) (0.03) (0.01) (0.01)
PostXEligible 0.254*** 0.666*** 0.199*** 0.278*** 0.046*** 0.011
(0.02) (0.03) (0.02) (0.03) (0.01) (0.01)
Controls No Yes No Yes No Yes
N Obs. 115709 88288 87296 61086 79585 43061
Standard errors in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001
All the productivity measures are indexed by sector and are represented in log terms
Controls: deflated gross revenue, State and sector dummies, the median of people employed
and wage by firms in the same sector, value added by sector and the sectorial
Herfindahl-Hirschman Index (HHI)
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Table 1.7: Decomposition of Labor Productivity Growth Rates
Year Total Within Between Interaction Entry Exit
Whole Sample 1997-2004 3.61% -4.82% -4.43% 13.12% -1.32% 0.47%
2005-2010 -2.53% -4.85% -7.75% 10.65% -2.10% 1.67%
Medium Firms 1997-2004 -5.40% -10.05% -8.84% 16.68% 1.63% -0.88%
(10Mi< ROR≤35Mi) 2005-2010 2.30% -5.06% -8.46% 16.00% 1.67% -0.58%
Medium-Small Firms 1997-2002 -5.82% -9.25% -5.82% 13.07% 1.65% -0.84%
(6Mi<ROR≤10Mi) 2002-2010 0.04% -4.40% -4.88% 9.97% 2.16% -1.88%
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Chapter 2
Growing like Brazil: Almost a Growth
Miracle
2.1 Introduction
Brazil’s postwar economic development was initially characterized by growth in real income
per capita on par with the so-called East Asian growth miracles.1 Nevertheless, in the 1980s,
Brazil’s economy faltered to the extent that some researchers have identified it as one of the
great recessions of the 20th century. A critical question is: what accounts for this uneven
experience over the post-war period?
This paper attempts to answer this question. More specifically, it uses a two-sector version
of the neoclassical growth model to evaluate the relative importance of labor-augmented
productivity growth in both agriculture and non-agriculture, financial frictions, population
growth, price of investment and government consumption when replicating the transitional
path of the Brazilian economy. By isolating the effects of observed shifts in their trends, we
can evaluate each’s contribution to Brazil’s boom and depression.
1For a literature documenting these episodes, please see: Baer (1983); Tyler (1981); Bergsman(1970);
Leff (1968); Malan and Bonelli (1977) and Bacha (1977)
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We calibrate the model to the development experience of Brazil between 1950 and 2005.
For this purpose, we assumed that our model economy approaches its balanced growth path
(BGP) by 2005. We, then, derive the transitional dynamics to the BGP from the model
economy, given the initial capital stock per capita in 1950 and exogenous factors. Then, by
individually setting the exogenous drivers at their balanced growth path or initial values,
rather than the observed/estimated series, we verify their importance when producing the
deviations in the model. We judge the success of each case in terms of how well it can
explain: i) the low investment rate in the early period of development; ii) the high growth
rates of the period between 1950-80 and iii) the subsequent slowdown, after 1980s.
We find that productivity improvements in the agricultural sector, responsible for the
movement of labor from agriculture to non-agriculture, is quantitatively important for ex-
plaining Brazil’s postwar take off. Nevertheless, it is not enough to reproduce the period
afterwards, when the labor productivity in the non-agriculture sector starts playing a dom-
inant role. Quantitatively, the productivity shifts in non-agriculture would reproduce quite
well both the overwhelming environment between 70-80 and the recession period, even in a
scenario with no structural transformation. When productivity improvements in the non-
agricultural sector are ignored, the model would still reproduce well the first 20-25 years but
it would capture neither the boom of the 70s nor the slowdown during the 1980s. As stressed
by Cole et al (2005), in a more general claim, “understanding Latin America’s relative stag-
nation requires understanding its relative productivity stagnation”. In light of our results,
it could be added to this claim, that low productivity in the non-agriculture sector might be
an old issue, which becomes more evident as the structural transformation intensifies.
29
This paper relates to a large literature that introduces an agriculture sector in growth
models to account for prolonged periods of structural transformation. In these models,
differences in agricultural productivity may trigger industrialization in different times and
then explain distinguished standard living standards across countries. This set of papers,
that includes mainly Caselli and Coleman (2001), Gollin, Parente and Rogerson (2002,2007),
Restuccia et al (2004) and Chang and Hornstein (2011), stresses that the formal inclusion
of the agriculture sector for food production is important for matching the observed speed
of convergence for developing economies. In particular, it allows the model to reproduce
the observed path of capital accumulation rates for economies like Brazil, which evolves
gradually in early stages of development. Without such modification, the standard one-
sector Neoclassical growth model would depict a much faster capital accumulation rate and
output growth, even when allowing the other exogenous drivers to operate.2
Our findings echo the conclusion of Gollin, Parente and Rogerson (2007). They point out
that growth miracles might be agriculture or non-agriculture induced and differ in nature.
With the former, large increases in agriculture efficiency cause a dramatic effect on country’s
income level by triggering industrialization and accelerating its convergence to the long-run
relative income level. With the latter, if the country realizes significant improvements on
non-agriculture productivity when starting industrialization, the long-run income level shifts
up, extending its effect to very long-term outcomes. In this sense, “the miracle generated by
an increase in agricultural efficiency is thus short-lived compared to the miracle generated
by a high level of non-agricultural efficiency”. In this paper, we verify whether this theory
2See King and Rebelo (1994).
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could be used to provide new insights into Brazil’s uneven development experience in the
postwar period; more specifically, whether the agricultural efficiency improvements were
quantitatively important to reproduce the fast growth phase.
This paper also relates to the branch of literature that examine the causes of Great De-
pressions experienced by numerous countries in the last century. We follow that literature by
independently estimating productivity measures and then in feeding in exogenous productiv-
ity. We differ, however, in that we consider sectorial productivity paths. For instance, Cole
and Ohanian (1999) and those surveyed by Prescott and Kehoe (2002), consider a standard
one-sector Neoclassical growth models to study large deviations from long run trends. As
we do in this paper, they employ deterministic models in which households perfectly foresee
changes in productivity and then subject the economy to observed trend deviations, i.e. to
persistent changes in technology, endowments and/or government policies. Collectively, they
identify policies affecting efficiency and hours worked as the crucial roots of the great de-
pressions in the 20th century. Our results resembles their conclusions, since we also find that
substantial and prolonged productivity decline in non-agriculture sector are quantitatively
important to generate the features of the slowdown period of Brazil’s economy.
Clearly this paper is not the first attempt to systematically analyze (or to rationalize)
Brazil’s development experience and its macroeconomic trends in the 20th century. Recent
efforts in this direction are found in Elias (1992), Pinheiro et al (2000), Cole et al (2005),
Bugarin et al (2007), Lama (2011) and Restuccia (2012). The key contribution of this paper,
however, is to suggest that productivity improvements in the agriculture sector may play an
important role when explaining Brazil’s fast growth period and its failure.
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The paper is organized as follow. In section 2, we provide the empirical support for the
theoretical framework used. Section 3 describes the model economy and its competitive equi-
librium. Section 4 describes the calibration and numerical experiments. Section 5 concludes
the paper.
2.2 Some Brazilian Facts
In this section, we describe the long term path of Brazil’s economy within 1950-2005 along
with documented features regarding its agricultural productivity growth, structural trans-
formation as well as its subsistence consumption of agricultural goods. We do so inspired
mainly by two reasons: first, in our quantitative exercise we will be trying to match some of
those long term features; second, our theoretical framework assumes that improvements in
agricultural productivity allow part of the labor force to move to the non-agricultural sector.
Thus, it is instructive to examine the empirical support for this proposition for Brazil.
2.2.1 The long term path
The postwar economic growth of Brazil could be defined as “almost a miracle”. Despite
the slowdown period, which started since the 1980s, its performance was initially marked
by a fast and sustained increase in income per capita which resembled the so-called growth
miracles. In 1950, the capital stock per capita in Brazil was relatively low, 5 percent of
the level in US, even when compared to its counterparts in South America. At that time,
relative to Argentina, Chile, Colombia and Venezuela it represented 18, 20, 13 and 16 percent
of their capital stock, respectively.3 Since then, its initially low capital accumulation rate
3See Hofman (1992), table 5.
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managed to increase over time, a process that lasted around thirty years and produced a
7-fold increase of its capital stock per capita. Simultaneously, the real GDP per capita grew
almost 5 percent per year on average, which was comparable to rates of East Asian growth
miracles and placed the country among the fastest growth examples in Latin American in
the period.
2.2.2 Subsistence needs
According to the World Development Indicators (WDI), Brazil’s domestic consumption, in
per capita and real terms, remains nearly constant for the observed period. It suggests that
most of this consumption is for subsistence needs, hence not quite sensitive to the increase
of income per capita that takes place within 1950-2005. Moreover, most food needs are met
by domestic farmers. On average, food imports represented only 7 percent of its domestic
production, with 0.01 variance, along those years.
Despite the country’s reputation as food exporter, a great part of Brazil’s production in
the agriculture sector until the 2000s was consumed internally. Food exports is on average
29 percent of its production between 1960-2000, with standard deviation of 0.05. This
feature might challenge an underlying assumption of our model economy, namely its closure.
Nonetheless, for the purpose of evaluating the long term path since the 1950s, the closed
economy model seems reasonable since the net exports are relatively small and constant over
time, except for the last five years;4 This strategy may be not as suitable for applications
4In our empirical exercises we are mostly concerned with the labor force leaving the agriculture sector due
to efficiency gains, we then check for the effect on the non-agricultural sector; the domestic consumption of
food is then subtracted from the household consumption, hence the income gains associated with net exports
are somehow taken into account.
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focused on the most recent years or when openness is quantitatively important.
2.2.3 Agricultural productivity growth and Structural Transfor-
mation
The period within 1950-80 was marked by an intense structural transformations in the Brazil-
ian Economy. Although the agricultural sector at this period was already responsible for a
small share of its GDP, it employed most of the country’s labor force. In 1950, 64 percent of
Brazil’s economically active population were allocated in the agricultural sector, which by
that time was responsible for 17 percent of its GDP. In 1980, its labor share dropped to 37
percent and the sector’s share of aggregate economy was only 5 percent. Even after 1980
the labor share kept decreasing, reaching 19 percent in 2005, for a similar share of GDP.
Since the real consumption per capita of agricultural products has remained roughly
constant over those years of structural transformation, the labor movement from agricultural
to non-agricultural sectors was probably due to labor productivity improvements in the
agriculture sector. There are supporting evidence to this claim. According to World Bank,
the number of tractors in Brazil grows consistently between 1960 and 2000, it first triples
between 1960-1975 and in 2000 it is 11 times bigger than in 1960. The use of fertilizers,
according to Baer (2014), jumped from 11.5 kg/ha in 1960 to 51kg/ha in 1980. Meanwhile,
a large expansion of its agricultural frontiers also takes place, with arable lands available
going through a 3-fold increase within 1960-2000. As a net result, the number of tractors
per 100 sq km of arable land increases along this period and has been, since 1980, four times
bigger than in 1960. One could claim that besides the expansion of its arable land, which
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could happen without enhancing productivity, the labor productivity in the sector actually
increased - mostly likely due to the technical integration of Brazilian agriculture sector.5
2.2.4 Other few features
There are other three economic variables which are worth observing: the price of investment,
population growth and government consumption. Unlikely other developing economies,
where in the early stage of development the relative price of investment is high but de-
creasing, as discussed by Caselli and Freyer (2007), the Brazilian path from the 50s suggests
a different conjecture. The observed relative price of investment was low in 1950, around 70
percent of the relative price in 2000, and converges to 1 over time. Previous research, such as
Bacha and Bonelli (2004), have blamed this pattern as the cause for the slowdown period in
the 80s. Regarding the country’s population growth rate, it first increases between 1950-70,
reaching the rate of 3 percent, but starts to decline, reaching 2 percent in 2005. The govern-
ment consumption is almost constant along the growth miracle period, representing around
10 percent of Brazil’s GDP, but increases considerably after 1980 and stabilizes around 20
percent.
2.3 Model Economy
In this section, we describe the economy. The model is an extension of the neoclassical
growth model, based on Chang and Hornstein (2011), which includes two sectors (agriculture
and non-agriculture) and a government that taxes income and purchases non-agricultural
5Some previous studies have also registered the modernization of the Brazilian agriculture sector within
1950-1980. Please see: Baer(2014), chapter 13; Jodenir (2005)
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goods. The production of agricultural goods requires labor, but not capital, whereas the
production of non-agricultural goods requires both capital and labor. Firms in those sectors
operate in competitive markets, where production factors a freely mobile. Moreover, the
non-agricultural good can be used for consumption (private or public) and for investment in
capital goods.
For capital investment, we follow Chang and Hornstein (2011) in that there is a marginal
rate of transformation, modeled as an exogenous and time-varying price in terms of con-
sumption goods. Furthermore, in order to account for financial frictions as well, a fraction
1− ft of the returns on capital, also exogenously determined, is diverted to an unproductive
financial intermediation sector.
The economy is populated by an infinitely lived representative household, with nt working-
age members at date t, which evolves exogenously over time. A given measure of household
members work at time t. Household income is composed of after tax wages and capital rental
income plus a lump sum transfer from the government. In each period, the representative
household determines how much of its after tax income to spend and to invest. For the
sake of simplicity, we assume that each member consumes a fixed per capita amount of the
agricultural good, a subsistence requirement.
The development process is associated with the structural transformation, characterized
by a declining importance of agriculture over time. In the limit, with no financial frictions
(i.e. ft = 1) and qt = 1, the employment rate in agriculture converges to zero and the model
is identical to the standard one-sector growth model with government expenditure and taxes.
36
2.3.1 Production
The non-agriculture good, yt, and the agricultural good, at, are produced with a Cobb-
Douglas production technologies using labor, et, and capital, k, as inputs. For the simplicity,
we assume that in the agricultural sector the capital share equals zero.6 The TFP parameter
in each sector is defined by Ayt and Aat, respectively. All variables are expressed in per
capita terms.
at = Aateat (2.1)
yt = k
α
t (Ayteyt)
1−α (2.2)
At each date, given the price of of good i (pit), wages(ωt) and capital rents (rt), a repre-
sentative firm in the sector “i” solves:
MaxKit≥0,eit≥0 piit − wteit − rtkit for i ∈ {a, y} (2.3)
2.3.2 Government
We assume that government spending, gt, does not provide any utility and does nor increase
the productive of private sector. The government budget constraint is balanced in each
period:
gt + Tt = τt[wtet + rtkt] (2.4)
6This is done out of necessity in anticipating parametrize the model. There is no agricultural capital
stock data. The labor productivity, therefore, can be interpreted as enclosing both capital accumulation as
well as learning
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2.3.3 Household
Consider a representative household with preferences represented by the following utility
function:
∞∑
t=0
βtnt
(
c1−σt − 1
1− σ + a¯
)
(2.5)
where ct and at are the per capita consumption of a non-agricultural and agricultural goods,
respectively. All variables are expressed in per capita terms. The utility is assumed to be
proportional to the working population size, represented here by nt. As in Gollin, Parente
and Rogerson (2007), the model assumes that a fixed amount of agricultural good per person
is consumed. The discount factor and the intertemporal elasticity of substitution, which are
represented by β and σ.
Each household is endowed with an initial capital, k0, and with an exogenous fraction
of its time available to work, et, which is endogenously allocated between the two sectors
in the model. Moreover, each household pay an effective income tax rate, τ , and receive a
lump-sum transfer, Tt.
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2.3.4 Household Maximization Problem
The representative household maximization problem is defined as:
Maxct,kt+1
∞∑
t=0
βtnt
(
c1−σt − 1
1− σ + a¯
)
(2.6)
subject to
patat + ct + qtxt ≤ (1− τt)[wtet + rtkt] + Tt for all t (2.7)
kt+1 = ft
(
nt
nt+1
)
[
xt
qt
+ (1− δ)kt] (2.8)
et = eat + emt
at ≥ 0, ct ≥ 0
Given k0
The resource constraints are be given by:
eat + eyt = et (2.9)
kt = Kt (2.10)
ct + xt + gt = yt (2.11)
cat = at (2.12)
Since all the variables in this model are in per capita terms and we deal with homogeneous
households, the natural interpretation for the expression (2.8) is that the capital stock at
period t + 1 will be the capital accumulated by the economy plus investment at period t
split among the population at t+ 1. In the presence of financial frictions, part of the capital
accumulated will be lost in the form of a intermediation cost, i.e. 1− ft. Quantitatively, the
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inclusion of this term drives a wedge between the rate of return on capital and the after-tax
rate of return on capital for the household consistent with the Euler equation. In a scenario
with no financial friction, when ft = 1, the rate of return are equalized as there is no wedge.
2.3.5 Equilibrium
A competitive equilibrium is a sequence of allocations {ct, kt+1}∞t=0 for household and al-
locations {eat, emt, Kt}∞t=0 for firms such that, given a sequence of {et, nt, Aat, Ayt, qt, ft},
government policies {gt, Tt, τt}∞t=0 and prices {pat, wt, rt}∞t=0:
1. Firms allocations solve problem (2.3)
2. Household’s allocation solve the problem (2.6)
3. The government s budget constraint (2.4) is satisfied
4. Markets clear, i.e. equations (2.10)-(2.12) hold.
In the perfect foresight equilibrium, the Euler equation is given by:7
β−1
(
zy,t+1
zyt
)(
c˜t+1
c˜t
)σ
= ft
qt+1
qt
[
(1− δ) + (1− τt+1)αy˜t+1
k˜t+1
]
(2.13)
where the transformed variables are given by:
y˜t ≡ yt
Ayteytq
−α/(1−α)
t
and k˜t ≡ kt
Ayteytq
−1/(1−α)
t
(2.14)
7The perfect foresight competitive equilibrium will satisfy (2.13) as well as the expressions for resource
constraints, production functions, capital accumulation and transversality condition. Note that in equilib-
rium, the financial frictions are consistent with the (2.13).
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The solution for the balanced growth path is:
k˜BGP =
{
1
α(1 + γq)(1− τ)
[
β−1(1 + γA)σ(1 + γq)
ασ
α−1 − (1− δ)(1 + γq)
]} 1α−1
(2.15)
where γA and γq represents the growth rate of productivity in the non-agricultural sector
and the growth rate of the price of investment, respectively. The effective income tax rate,
τ , is assumed to be fixed in the balanced growth path.
2.4 Numerical Experiments
In this section, our model economy is calibrated to replicate the long-run pattern of economic
development and growth of Brazil over the period 1950-2005. Several exogenous drivers are
involved in this exercise and we proceed by judging the quantitative importance of each one
of them on mimicking the observed long-run transition path of Brazil’s economy through a
neoclassical growth model.
The strategy for our quantitative exercise is the following: First, we calibrate the economy
to its Balanced Growth Path; Second, independently estimate the labor-augmented produc-
tivity in each sector and financial frictions; Third, we solve for transitional dynamics feeding
in exogenous variables; Fourth, we evaluate the contribution of exogenous drivers to the
transitional path by shutting them down individually and reproducing the counter-factual
transition.8
8For this purpose, we solve the nonlinear equation system, formed by the Euler equation (2.13), resource
constraint and capital accumulation, for the years 1950 to 2005 for the equilibrium capital stock path using
the log-linear approximation of the growth model to obtain consumption in the year 2005 conditional on the
state of the economy in 2005.
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2.4.1 Model Calibration
The calibration assumes the model economy is approximately on its balanced growth in
2005. Along with model balanced growth path all employment is in the non-agriculture
sector, capital-output ratio equals three, there is no financial friction, the relative price of
investment is equal to one and labor productivity in the non-agriculture sector increases at
the rate of the technological frontier. The parameter values as well as comments relevant to
their assignments are listed in Table 2.1.9
We start, as in Cooley and Prescott (1995), by first calibrating the the aggregate depre-
ciation rate, δ, for the non-agricultural economy, in order to match the observed aggregate
investment/capital ratio.
The law of motion for the capital stock in the balanced growth path implies that:
x
k
= (1 + γn)(1 + γA)− (1− δ) (2.16)
Given the values of γn and γA, the annual depreciation rate of 0.049 is chosen to match
the investment/capital ratio in the non-agricultural sector in the stationary phase, which is
around 0.09.
Once δ is calibrated, we use the fact that in the balanced growth path the model, from
(2.13), yields:
β−1(1 + γA) = (1− δ) + (1− τt+1)αy
k
(2.17)
Hence, β is chosen to match the output/capital ratio. It might be also seen as a way
9 Bugarin et al(2007) provide a brief discussion supporting the α = 0.35 as a reasonable parameter for
the case of Brazil, based on Brazilian household income survey (PNAD/IBGE).
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to make the model model consistent with the return on capital implied by the previous
parametrization. As a result, β = 0.977.
Our concept of investment includes government investment, private investment and net
exports. It is the residual of production of non-agricultural goods after subtracting the
household and government consumption.10 Since its a model of closed economy, net exports
are viewed as representing additions to or claims on capital stock. By doing so, we satisfy the
resource constraint for non-agricultural goods and ensure that the conceptual frameworks of
our model and measured data are consistent.11
2.4.2 Data and Exogenous Drivers
The data used is publicly available and a common source of information in this literature
of economic growth and development. Time series of real GDP (in 2000 prices) and hours
worked between 1950-2005 come from the GGDC Total Economy Database. GPO by sector
(in 2000 prices) and employment share by sector are from the GGDC 10-Sector Database.
Relative price of investment, population, working age population as well as the series of
investment, private consumption and government consumption (as share of GDP) come
from the Penn World Tables 8.0, released in 2013. The series for domestic consumption or
agriculture products, number of tractors and arable lands between 1960-2005 were obtained
in the World Development. 12 Our capital stock series (in 2000 prices) was obtained through
ipeadata - its worth mentioned that similar information can also be found on PWT 8.0, in
10Our residual investment measure, consistent with the model, and the observed investment rate are quite
similar
11This consistency is considered an important step in the process of calibration. For more details, see
Cooley and Prescott (1995)
12Foe the period between 1950-60 food consumption were extrapolated based on population at each year
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2005 prices.
There are six exogenous drivers: labor-augmenting productivity in each sector, financial
frictions, price of investment, government consumption and population growth. They can be
seen on figure 2.1. From the production function defined in our model economy, equations
(2.1) and (2.2), we estimate both agriculture and non-agriculture labor-augmenting produc-
tivity based on the parameters used in the calibration, the observed capital stock and the
employment share allocated in each sector. Financial frictions in each period are determined
from equation (2.13), after defining the rate of return on capital and the consumption-based
interest rate, left hand side of (2.13). Hence, ft equals the ratio given by the latter over
the former. Our time varying measure of price of investment, government consumption and
population growth are directly observed.
The figure 2.3 shows the transitional path predicted by the model when driven by all the
exogenous drivers. The prediction, with labor force been endogenously allocated between
sectors, is quite close to the observed path.13
2.4.3 Counterfactuals
Having set the exogenous drivers so that the model matches Brazil’s economic path between
1950 and 2005, we proceed to shut down some of the time varying factors. In doing so,
we shall isolate the contribution that each of these factors had on Brazilian growth. It
might be seen as an exercise to point out the promising roads for future models studying the
long-run transition of Brazil’s economy. We discuss the model predictions in the absence of
13For the labor force allocation predicted by the model see figure ??
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financial frictions, without productivity growth in the non-agricultural sector and under no
productivity growth in the agricutlural sector.
Figure 2.4 depicts the model predictions for per capita measures of capital stock and
output assuming no financial friction. As can be seen, financial frictions are particular
important on matching the capital accumulation, but the predicted path for output per
capita is still quite close to the observed time series.
The model predictions assuming no productivity improvements in the non-agricultural
sector can be seen on Figure 2.5. In this case, the model predicts well the capital accumula-
tion up to the 70s, when it fails to catch the rising of its accumulation rate between 1970-80,
which was driven by the increase of productivity in the non-agricultural sector. Regarding
its prediction for output per capita, it also fails in accommodating both the sharp increase
in the 70s as well as the slowdown during and after the 80s. Instead, it predicts a slow but
constant growth, but at a level below the observed path.
In the next counterfactual, we discuss Brazil’s development path if it had not experi-
enced substantial and prolonged labor productivity shifts in the agricultural sector. The
predictions are shown by figure 2.6. When ignoring the structural transformation triggered
by the increase of labor productivity in agriculture, the model underestimate both capital
accumulation and output per capita after the 1965. Since other exogenous drivers are still
operating, the trajectory partially captures the fast growth period in the 70s, though in a
lower level, and also the stagnation period after the 1980s.
The latter exercise suggests that, without the productivity improvements in the agricul-
tural sector, the economy would fail to reproduce the same growth rates of output per capita
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observed during the 1950-80 period. Therefore, the fast growth period could be considered
to be agricultural induced, in the sense of Gollin, Parente and Rogerson (2002,2007), that
is a considerable part of the take off period seems to be associated to the structural trans-
formation triggered by productivity improvements in the agricultural sector. Nonetheless,
this process is short lived, once a small share of the labor force is allocated into the agri-
cultural sector, the economy becomes less sensitive to its productivity improvements. After
this point, the productivity growth of the non-agriculture sector prevails as the main driver.
2.5 Concluding Remarks
In this paper, we raised the question of what would be the main drivers explaining the uneven
development process of Brazil’s economy in the postwar period, which experienced a path
analogous to some growth miracle countries but was eventually interrupted by a downturn
period, tagged by some researchers as one of the great recessions in the 20th century.
A modified version of the Neoclassical growth model was used for a quantitative as-
sessment of this question. It was used to calibrated the transitional path of the Brazilian
economy, accounting for important features of its long-term development process. In par-
ticular, we considered the long term trends of labor productivity in the agricultural and
non-agricultural sector, price of investment, financial frictions, population growth and gov-
ernment consumption.
The model was used to evaluate the quantitative importance of productivity improve-
ments in each sector on driving the observed path. As a result, we found the structural
transformation to be quantitatively important to rationalized the capital accumulation and
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output growth rates in the first stages of Brazil’s economic development; whereas, the pro-
ductivity decline in the the non-agricultural sector is quantitatively relevant to explain the
slowdown period. Though the latter conclusion have been reported by previous research, the
importance of productivity improvements in the agricultural sector when depicting the fast
growth period of Brazil’s economic path is the novelty of our result.
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2.6 Tables and Figures
Table 2.1: Model Calibration - Summary of Parameters
Parameter Value Comments/Observations
α Capital Share 0.35 Based on Bugarin et al(2011)
δ Depreciation rate 0.049 To match x/k ratio
β Discount Factor 0.977 To match k/y ratio
γAy Labor-augmenting technical change 1.02 Reference: USA
γN Populational Growth 1.02 IBGE
γQ Relative price of capital change 1.00 It converges to 1 (PWT)
f Financial friction (wedge) 1.00 No financial Friction
qk
y
Nominal capital-output ratio 3.00 GGDC 10 Sector Database
Figure 2.1: Exogenous Drivers
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Figure 2.2: Labor Predictions from the Model
Figure 2.3: Model Predictions for Capital Stock and Output per capita
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Figure 2.4: Model Predictions - no Financial Frictions
Figure 2.5: Model Predictions - No Productivity Growth in Non-agriculture
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Figure 2.6: Model Predictions - No Productivity Growth in Agriculture
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Chapter 3
A Note on The Discovery of Natural
Resources
3.1 Introduction
Not every country that experienced a major discovery in natural resources experienced also
a decline of its manufacturing sector. In other words, not all of them came down with a case
of “Dutch Disease” or resource curse; Sweden would be a counterexample. In this chapter,
an analytical general equilibrium model is used to provide insights into the channels by
which the rise of economy’s endowment of natural resources could be pro-industrialization,
consistent with Swedish facts, or a curse, negatively affecting the manufacturing sector. The
exercise can be interpreted as discussing a class of models of the discovery of natural resources
and its ability to accommodate both curse and blessing type of argument.
The so-called dutch disease is perhaps the more widespread example of resource curse.
In 1977, The Economist coined the term to describe the mediocre performance of the man-
ufacturing sector in Netherlands following the discovery of a large natural gas field in 1959.
Henceforth, it has been widely used to designate the negative relationship between the de-
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pendency on natural resources and industrial sector production. Intuitively, the country may
end up with an overvalued currency after exporting a considerable amount of its natural re-
sources, which may reduce the internal and external competitiveness of its manufacturing
goods and result in the shrinking of this sector.
The workhorse dutch disease model, introduced by Corden and Neary (1982), modeled
the booming sector as the result of an exogenous increase in the price of energy to study the
effect of an increase in the price of energy on a resource ruled small open economy. In this
conjecture, the international trade is the driving force of a reallocation process that leads
to production decline in the manufacturing sector. In their model, the industrial sector, say
capital intensive, benefits from the resource boom only if the capital reallocation compensates
the unambiguous negative income effect that decreases the demand for manufactures.
The less discussed path of Sweden suggests a counterexample to the resource curse theo-
ries. As one of Europe’s poorest countries in the 19th century, the exploitation of its natural
resources led the country to manage a successful industrialization process. Blomstrom and
Kokko (2007) argue that the key point was the role played by its domestic market along
the intermediate stage of its industrial development. That is, the manufacturing sector has
developed as resource-based specialized and the domestic demand contributed positively to
it.
Surprisingly, Corden and Neary (1982) is limited on explaining the Swedish path. The
cases in which the discovery of natural resources happened to be pro-industrialization were
treated as “counter-intuitive results”. To accommodate this alternative explanation, we first
discuss an analytical general equilibrium model that ignores the international trade channel,
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not so important in the Swedish case, but let the price of natural resources be endogenously
determined. Then, it exploits the channels that could lead the model economy to an increase
of its manufacturing production due to an expansion of its natural resource constraint.
The closed economy version of our analytical general equilibrium model, without assum-
ing a particular functional form for utility and production functions, incorporates features
considered important by Peretto (2012). It highlights the primary role played by the en-
dogenous price of the natural resource after the discovery. As opposed to Peretto (2012), our
conclusions were reached in a less restrictive environment and shall, therefore, be interpreted
as a generalization of important features of Peretto’s model economy and as paving the road
for future general equilibrium modeling on this topic.
In the small open economy scenario, the discovery itself has no price effect and its effect
is straightforward, domestic production of manufacturing goods declines. Nonetheless, when
resource booms are modeled as an increase in the price of natural resources, the blessing
or curse will depend mainly on the share of manufacturing goods imported and the model
economy features will determine its ability to accommodate each story. For instance, when
vertical integration between energy and manufacturing sector is important and the energy
sector depends a lot on natural resources, then it is easier to associate the discovery of
natural resources to resource-based industrialization experiences.
The chapter is structured as follows. First, we describe the model economy for closed
economies. Second, we define our solution strategy. Third, we discuss the insights from the
closed form solutions. Forth, we discussed the result for small open economies. Finally, we
go through concluding remarks.
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3.2 The Model
Consider a closed economy with two sectors, Manufacturing (M) and Energy sector (E).1
They should be seen as per capita consumption or production. The production of Manufac-
turing good is a function of a composite factor (KM), which includes capital and labor, and
Energy (EM). The production of the latter is a function of the composite factor (KE) and
a sector specific factor (Q), which could represent the limited reserves of fossil fuel. Strictly
speaking, the production functions are represented by:
M = M(KM , EM) (3.1)
E = E(KE, QE) (3.2)
The discovery of natural resource will be modeled as an increase in the quantity of the
specific factorQ. By allowing the household to own the limited amount ofQ, we can find both
substitution and income effect. For the sake of simplicity, also assume perfect competition
and Constant Returns to Scale (CRS). For the energy sector the CRS assumption combined
with to the limited amount of a sector specific factor (Q) will in fact present decreasing
returns to scale with respect to the composite factor good (KE).
Regarding the production factors, the resource constraints can be represented by:
K¯ = KM +KE (3.3)
Q¯ = QE (3.4)
1The choice of a closed economy is to highlight the special features of the Swedish experience by which
in an intermediate stage the domestic demand was the key point for the industrialization
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Assume each consumer presents a homothetic and twice continuously differentiable utility
function given by:
U = U(M,EC) (3.5)
where ∂U
∂M
> 0 and ∂U
∂EC
> 0
The individual budget constraint will be given by:
PMM + PEEC = PKK¯ + PQQ¯ (3.6)
where EC represents a quantity of energy directly consumed by households.
The market clearing condition for the energy sector is given by:
EM + EC = E (3.7)
3.3 Solution Strategy
In this section we derive a general solution for small changes in Qˆ. The exercise is useful to
understand how the equilibrium allocation varies due to the an increase i Therefore, we shall
find equations for outcome variations, Mˆ and Eˆ, for any exogenous shock represented by a
small Qˆ. Following the same strategy as Fullerton and Metcalf (2002), the problem is solved
by using the log-linearization method of Harberger (1962), i.e. by totally differentiating the
equations and solving for the linearized system. The results will be quite general since the
linearization only requires differentiability of the production and utility functions used here,
nevertheless it shall be limited to the analysis of small changes around an initial equilibrium
condition.
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By totally differentiating the production functions and by invoking the perfect competi-
tion assumption we have:
Mˆ = θMKKˆM + θMEEˆM (3.8)
Eˆ = θEKKˆE + θEQQˆE (3.9)
where θij represents the factor share of j in sector i, i.e. θij = Pjji/Pii.
The total differential of the factor constraints and market clearing conditions yields:
λKMKˆM + λKEKˆE = 0 (3.10)
QˆE = Qˆ (3.11)
λEM EˆM + λECEˆC = Eˆ (3.12)
where λij is the fraction of factor i used in the production of j, for instance λKM = KM/K¯.
With perfect competition and constant returns to scale, we have the zero profit condition
for each of the two production sectors. By total differentiating the equality between revenue
and total cost we get:
PˆM + Mˆ = θMK(PˆK + KˆM) + θME(PˆE + EˆM) (3.13)
PˆE + EˆM = θEK(PˆK + KˆE) + θEQ(PˆQ + QˆE) (3.14)
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The elasticities of substitution of production factors (σi, for i ∈ {M,E}) and the con-
sumer elasticity of substitution between M and E (σU) can be formally represented as:
KˆM − EˆM = σM(PˆE − PˆK) (3.15)
KˆE − QˆE = σE(PˆQ − PˆK) (3.16)
Mˆ − EˆC = σU(PˆE − PˆM) (3.17)
Finally, by total differentiating the individual budget constraint we have:
θIM(PˆM + Mˆ) + θIE(PˆE + EˆC) = θIKPˆK + θIQ(PˆQ + Qˆ) (3.18)
where θIi represents either the share of income spent by or earned from sector i, i.e. θIi =
Pii/I and I ≡Income. Hence, θIM + θIE = 1 and both parameters represent the share of
income allocated by consumers on the consumption of M and E . On the other hand,θIK +
θIQ = 1 and they represent the share of different sources of income, θIK is the share of income
earned form the composite good while θIQ is the share of scarcity rents on the household
income. As in Peretto’s model, the price response will determine income and, consequently,
the expenditure on manufacturing goods.
In the system, we have 11 variables: Mˆ , Eˆ, KˆM , KˆE, EˆM ,EˆC , QˆE, PˆM , PˆE,PˆK ,PˆQ; and
11 equations (eq(3.8)-eq(3.18)). However, though it is good to have the budget constraint
explicitly represented, it is linearly dependent in this system. Therefore, the system presents
10 linear independent equation and 11 variables. Our strategy for solving is to use M as the
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numeraire and then PˆM = 0.
3.4 Effects on the Manufacturing sector
In this section we use the closed form solution found for PˆM and Mˆ when solving the log-
linearized system. The expression for the effect of small changes in Q on the price of M is
given by:
PˆQ =
D
A1σE + A2σM + (1− θIE)A3σU + A5 − θIQD (θIQ − A4)Qˆ (3.19)
where D, A1, A2, A3, A4 and A5 are all positive, as can be checked in the appendix.
Proposition 1 There exist a θ¯IQ such that if θIQ < θ¯IQ then PˆQ < 0; and, θIQ is given
by:
θ¯IQ = θIEθEQ + θIMθMEθEQ + [A1σE + A2σM + (1− θIE)A3σU ]
Since θIQ is always smaller than A4, in order to have PˆQ < 0, we need to impose a
condition on θIQ. As summarized formally on proposition 1, the denominator of (3.4) has to
be positive. By definition, θ¯IQ might be greater than one and this condition will be satisfied
by default.
The solution for real changes in the production of manufacturing goods, M , caused by a
small change in Q and PQ is given by:
Mˆ =
1
D
[A1σE + A2σM + A3σU ] PˆQ + A4Qˆ (3.20)
Therefore, since A4 is unambiguously positive, the negative effect would arise through
PˆQ. This is said to be one of the main features of the model proposed by Peretto(2012), i.e.
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”The price response determines the change in income earned by the owners of the resource
(the households) and thereby the change in their expenditure on manufacturing goods” and
it ”depends on the overall pattern of substitution that is reflected in the price elasticities”.
Proposition 2 Given that θIQ < θ¯IQ, there exist θIQ, 0 < θIQ < θ¯IQ, such that if
θIQ > θIQ then Mˆ < 0; and, Mˆ > 0 otherwise.
The following insights can be drawn from proposition 2. First, Qˆ > 0 triggers an income
effect and reallocation process, after lowering the cost of energy, that might lead to a positive
change in M , Mˆ > 0, even if PˆQ < 0. The parameters defining energy intensity, vertical
integration as well as elasticities of substitution of factors of production and products con-
sumed by households will define θIQ. That is, these features will determine how important
the income earned from scarcity rent will have to be in order to have a curse or blessing type
of story in the model economy. For instance, if θEQ and θME are high, then θIQ is also high,
making it easier to have Mˆ > 0.
3.5 Open Economies
Unlikely the closed economy model, to include the possibility of trade we need to explicitly
include the trade balance equation. It is assumed that these economies import manufacturing
goods and export raw natural resources. Under the assumption of balanced trade, the new
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log-linearized restrictions are:
PˆQ + Qˆx = PˆM + MˆI (3.21)
ˆ¯Q = θQxQˆx + θQeQˆE (3.22)
Mˆ = θMdMˆd + θMIMˆI (3.23)
Besides the trade balance, these restrictions reflect the fact that part of the manufacturing
goods consumed in this model economy is produced domestically and the other part is
imported. Similarly, part of the raw natural resource available in the economy is consumed
internally while the rest is exported.
The open economy model is solved as previously, by solving a log-linearized system to
changes in the availability of raw natural resources, Q¯. In addition, we discuss how the
economy reacts to exogenous changes in the international price of Q.
The effect on the domestic production of manufacturing goods might be either positive
or negative. As in the closed economy, the demand for manufacturing goods is still given by:
Mˆ =
1
D
[A1σE + A2σM + A3σu]PˆQ + A4QˆE (3.24)
Whereas the domestic production of manufacturing goods and domestic demand for nat-
ural resource are given by:
Md =
1
D
[
−θMEθEQσM − λKE
λKM
σE
]
PˆQ − λKE
λKM
QˆE (3.25)
QˆE = A9
ˆ¯Q− A9 θQx
θMI
[
1
D
(A6σE + A7σM + A3σU − θMID
]
PˆQ (3.26)
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Two cases are discussed: The small open economy facing the discovery of raw natural
resource, that is Qˆ > 0; and, the small open economy facing an exogenous positive shock on
the price of natural resources.
Proposition 3 For model of small open economies, the domestic production of the
manufacturing sector decrease after the discovery, i.e. Mˆd < 0. The intensity of the effect
is determined by the energy intensity of the non-energy sector. Moreover, QˆE, QˆX , MˆI and
Mˆ are all positive.
In this scenario, the increase in Q has no impact on relative prices, but it increases
the demand for energy and non-energy goods through a positive income effect. In order
to satisfy the trade balance restriction, they import more than previously. At the same
time, consumers demand more energy directly while the manufacturing sector (or non-energy
sector) consumes less energy.
Proposition 4 For small open economies, when PˆQ > 0, there exist a θMI such that if
θMI > θMI then MˆD < 0. Otherwise, MˆD may go either directions. Moreover, θMI is given
by:
θMI =
A1σE + A2σM + A3σU + λKE/λKM + θMEθEQ
1 + λKE
λKM
(3.27)
When modeling resource boom as an exogenous increase in the price of natural resources,
the overall effect on the production of manufacturing goods will depend on the importance
of imports in this model economy. Once again, the model economy features, such as energy
intensity, dependence on the natural resource and others will define the extent to which the
model economy can present an increase or decrease of the domestic production of manufac-
turing goods, by defininf the cutoff θMI . For instance, if a large share of the production
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factors is allocated in the energy sector, vertical integration is intense and energy depends
mainly on the availability of Q, then θMI is high, making it easier to accommodate resource-
based industrialization experience in small open economies facing an exogenous increase in
PQ.
3.6 Conclusion
We have illustrated a class of general equilibrium models that define the conditions to ac-
commodate in the model economy both blessing and cursing theories related to the discovery
of natural resource. In the closed economy, the impact on the price of natural resource is
the key element determining the overall effect on the production of manufacturing goods.
When vertical integration is important and the energy sector is highly dependent on natural
resources, the conditions for having an increase of manufacturing productions are less restric-
tive. In the small open economy, where natural resources are exported, manufacturing goods
imported and trade balance applies, the effect of the discovery on the domestic production
of natural resources is negative. However, an increase in the international price of natural
resources may lead to positive effect. Once again the vertical integration and dependence
will determine in what extent the model economy can depict positive or negative effects on
domestic production of manufacturing goods, but the share of manufacturing goods imported
will also play an important role.
Modellers of the discovery of natural resource in closed economies or small open economies
should be aware to the importance of accounting for the possibility of vertical integration
and resource dependence of the energy sector. Also, they should observe the important
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role played by the share of income earned by scarcity rent and the share of manufacturing
goods important when defining the overall outcome of discovery of natural resources and an
exogenous increase in the price of natural resources, respectively.
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Appendix A
In this section, we use the model developed by Moll (2012) to draw the theoretical
predictions for the effect of BNDES’s intervention. The model seems appropriate for this
sort of exercise since it incorporates in a simple environment several important aspects
highlighted by the literature on Finance and Development.
In the model economy, there is a continuum of entrepreneurs that differ in terms of
productivity, z, and wealth, a. The latter evolves endogenously over time. Productivity
changes over time following a Markov process which, for now, will not be defined. The state
at each time t is given by the joint distribution of z and a. The firm’s total factor productivity
is defined by his own entrepreneurial ability, z, and the production function presents constant
returns to scale on capital and labor. Both inputs are obtained from competitive markets.
Given the market prices and the state variables for each entrepreneur, they choose whether
they become active or not. If they decide to own a firm, given the assumption of constant
returns to scale, they invest all they can on capital, but the collateral constraint imposes
a limit, which is proportional to their current wealth level. In equilibrium, the total factor
productivity of the overall economy is given by the weighted average of the productivity of
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active entrepreneurs.
Suppose the government imposes a subsidy on the interest rate only to a group of low-
revenue firms. The policy is meant to help the more affected by financial frictions under the
cost of misallocating resources in those markets; less productive firms end up allocating more
resources due to the price distortion, but at the same time high productive entrepreneurs
previously financially constrained can grow faster than before and increase their participation
in the market. The overall effect on TFP depends on which force prevails. In this model,
although misallocation of resources in the short run can be a burden for the economy, the
policy will allow high productive but constrained entrepreneurs to accumulate more capital
and will make their transition faster. As a result, we may end up with a less dispersed
distribution of labor productivity and the target group with higher investment rates and
increasing market share; features observed in the Brazilian experience.
A.1 BNDES Policy in the Model Economy
In this environment, we test the model predictions if the government imposes a subsidy on
the borrowing rate, s, for those with revenue below some level. Since in this model, for active
entrepreneurs, higher wealth maps directly into higher revenue, we will define the policy in
terms of wealth. The established threshold is, then, given by a∗. The subsidy is assumed to
apply only for capital acquisition.
The intervention will affect both the decision of being an active entrepreneur and the
level of investment of a subset of active entrepreneurs affected by the policy.
For treated firms, there are two distinguishable effects: one is on the requirements for be-
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ing an active entrepreneur. Now, a new cutoff z∗ < z is established, allowing low productive
entrepreneurs to enter the market. The entering condition becomes:
piz − (r − s+ δ) > 0 or z > r − s+ δ
pi
(A.1)
Moreover, the target group can also accumulate capital faster since the law of motion is
is now given by:
a˙ = λMax {zpi − r + s− δ, 0}+ r − ρ (A.2)
Therefore, the policy intervention creates three groups of firms. Those active entrepreneurs
with a > a∗ and z ≥ z, which are unaffected by the reform; those already active entrepreneurs
affected by the policy, a ≤ a∗ and z ≥ z; and, new entrants, a ≤ a∗ and z > z ≥ z∗.
For:
a1 = λMax {zpi − r + s− δ, 0}+ r − ρ (A.3)
a2 = λMax {zpi − r − δ, 0}+ r − ρ (A.4)
the evolution of aggregate capital stock will then be redefined as:
K∗(t) =
∫
kt(a, z)dGt(a, z) =
∫ a∗
0
∫ ∞
0
a1dzda+
∫ ∞
a∗
∫ ∞
0
a2dzda (A.5)
Therefore, the capital stock increases with this policy. The model just replicates the fact
that since capital is cheaper for part of the entrepreneurs, they buy more of it, what increases
the aggregate level of capital stock.
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Second, there is an effect on the evolution of capital stock, which is given by:
K˙(t)
K(t)
=
∫ z∗
0
[λMax {zpi − r + s− δ, 0}+ r − ρ]ω(z, t)dz (A.6)
+
∫ ∞
z∗
[λMax {zpi − r − δ, 0}+ r − ρ]ω(z, t)dz
The evolution of capital is faster for the target group. As a consequence, the growth
rate of capital stock for the whole economy also increases after the policy. Those conclu-
sions are somewhat straight forward consequences of having capital cheaper for part of the
entrepreneurs.
Nevertheless, the overall effect on aggregate productivity is less obvious. There is a
negative effect arising from the entering of less productive entrepreneurs in the market, since
the policy lowers the cutoff point to z∗ < z. This could be defined as the “misallocation cost”
of this kind policy. On the other hand, it also affects the wealth share of those low-revenue
but active entrepreneurs. The policy allows them to grow faster and to increase their wealth
share over time, pushing up aggregate productivity.
Strictly speaking, in order to visualize the effects on aggregate productivity, we remind
that for each type z, the wealth distribution is given by:
ω(z, t) ≡ 1
K(t)
∫ ∞
0
agt(a, z)da (A.7)
For those with z∗ ≤ Z < Z, prior the policy implementation their wealth share were all
equal to zero. They were inactive entrepreneurs. After the policy, it is given by:
ω(z, t) ≡ 1
K(t)
∫ a∗
0
a1gt(a, z)da (A.8)
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For z ≥ z∗, the wealth share after the policy is:
ω(z, t) ≡ 1
K(t)
[∫ a∗
0
a1gt(a, z)da+
∫ ∞
a∗
a2gt(a, z)da
]
(A.9)
Since the aggregate TFP is simply the weighted average of productivity among active
entrepreneurs, the overall effect of this policy will depend on both the entering of less pro-
ductive entrepreneurs and on the redefinition of weights.
In the long-term, we can anticipate that the less productive entrepreneurs will stop their
accumulation process when they reach the threshold imposed by the policy, a∗. Beyond
this point, whit capital at its original price they do not have enough productivity to be an
active entrepreneur. Since those with z ≥ z∗ face no such a limit, their wealth share will
continuously increase. In the limit, the second effect shall prevail.
In summary, in the model economy, composed by heterogeneous entrepreneurs facing a
binding collateral constraint, a subsidized interested program, similar to the one adopted in
Brazil, would lead high productive but constrained firms to increase their investment rate
and market share; but would also attracted less productive entrepreneurs. For the former,
with capital being accumulated faster, the labor productivity of this group grows faster under
the program. It speeds up their transitional dynamics. On the other hand, for the latter,
less productive firms will enter the market due to the lowering of operating costs, though in
the long run those entrepreneurs will stop at the cutoff point of investment determined by
the policy.
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Appendix B
B.1 Description of Parameters
Here we provide the closed form solution for Mˆ and the description of its parameters.
Mˆ =
[
θIQ(A1σE + A2σM) + A5A4 + (θIQ − θIEA4)A3σU
A1σE + A2σM + (1− θIE)A3σU + A5
]
Qˆ
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where
D ≡ θMK + θEKθME
A1 ≡ θEQλKM + λEMλKE
λECλKM
A2 ≡ λEMθEQ
λEC
A3 ≡ θMKθEQ
A4 ≡ λMK + λEMλKE
λECλMK
A5 ≡ θIEA3 + θIKθMEθEQ − θIQD
A6 ≡ A1 + θMDλKE
λKM
A7 ≡ A2 + θMDθMEθEQ
A8 ≡ A4 + θMD λKE
λKM
A9 ≡ θMI
θQEθMI + θQXA8
Since all the parameters are real numbers in the interval [0, 1], we can conclude that D,
A1 − A9 are unambiguously positive.
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